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CHAMBER MATCHING FOR POWER
CONTROL MODE

CLAIM OF PRIORITY

This application claims the benefit of and priority to, under

35U.8.C. 119§(e), to U.S. Provisional Patent Application No.
61/784,086, filed on Mar. 14, 2013, and titled “Chamber

Matching Using a Power Control Mode”, which 1s hereby
incorporated by reference 1n its entirety.

FIELD

The present embodiments relate to chamber matching
using a power control mode.

BACKGROUND

Plasma chambers are used for a variety of purposes. For
example, plasma 1s generated within a plasma chamber to
ctch a substrate, clean a substrate, deposit layers on the sub-
strate, or perform other processes on the substrate.

Various chambers are used to process the substrate. Also,
the same chamber 1s used to process the substrate. When
different chambers are used, the substrate may not be pro-
cessed 1n a substantially uniform manner. For example, a
substrate etched using one plasma chamber may be etched at
a different rate than another substrate that i1s etched using
another plasma chamber. As another example, a substantially
higher amount of material may be deposited on a substrate
processed 1n a plasma chamber than that deposited on the
substrate in another plasma chamber.

It 1s 1n this context that embodiments described in the
present disclosure arise.

SUMMARY

Embodiments of the disclosure provide apparatus, meth-
ods and computer programs for chamber matching using a
power control mode. It should be appreciated that the present
embodiments can be implemented 1n numerous ways, €.g., a
process, an apparatus, a system, a device, or a method on a
computer-readable medium. Several embodiments are
described below.

In some embodiments, a method for performing chamber-
to-chamber matching 1s described. The method includes
executing a first test within a first plasma chamber to measure
a variable and executing a second test within a second plasma
chamber to measure the variable. The first and second tests
are executed based on one recipe. The method further
includes determining a first relationship between the variable
measured with the first test and power provided during the
first test, determining a second relationship between the vari-
able measured with the second test and power provided dur-
ing the second test, and 1dentifying power adjustment to apply
to the second plasma chamber during a subsequent process-
ing operation based on the first and second relationships. The
power adjustment causes the second plasma chamber to per-
form the processing operation in a processing condition
determined using the first plasma chamber.

In various embodiments, a method for performing intra-
chamber matching 1s described. The method includes execut-
ing a {irst test to measure a variable associated with a plasma
chamber. The plasma chamber is 1n a first condition during
execution of the first test. The method further includes execut-
ing a second test to measure the variable associated with the
plasma chamber. The plasma chamber 1s 1n a second condi-
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tion during execution of the second test. The method includes
determining a first relationship between the variable mea-
sured using the first test and power provided during the first
test, determining a second relationship between the variable
measured using the second test and power provided during
the second test, and 1dentilying power adjustment to apply to
the plasma chamber during a subsequent processing opera-
tion based on the first and second relationships. The power
adjustment causes the plasma chamber to perform the pro-
cessing operation 1n a processing condition. The processing
condition 1s determined when the plasma chamber 1s 1n the
first condition.

In several embodiments, a plasma system for performing
chamber-to-chamber matching 1s described. The plasma sys-
tem 1ncludes a first plasma chamber used to execute a first test
to measure a variable, a radio frequency (RF) transmission
line coupled to the first plasma chamber for communicating
an RF signal to the first plasma chamber, and an impedance
matching circuit coupled to the RF transmission line. The
plasma system further includes an RF generator coupled to
the impedance matching circuit for supplying the RF signal
and a second plasma chamber used to execute a second test to
measure the variable. The first and second tests are executed
based on one recipe. The second test 1s executed after decou-
pling the first plasma chamber from the RF transmission line
and coupling the second plasma chamber to the RF transmis-
sion line. The plasma system 1ncludes a host system turther
including a processor. The host system 1s coupled to the RF
generator. The processor 1s configured to determine a first
relationship between the variable measured with the first test
and power provided during the first test, determine a second
relationship between the variable measured with the second
test and power provided during the second test, and identify
power adjustment to apply to the second plasma chamber
during a subsequent processing operation based on the first
and second relationships. The power adjustment causes the
second plasma chamber to perform the processing operation
in a processing condition determined using the first plasma
chamber.

In a number of embodiments, a plasma system for perform-
ing intra-chamber matching 1s described. The plasma system
includes a plasma chamber used to execute a first test to
measure a variable. The plasma chamber 1s 1n a first condition
during execution of the first test. The plasma chamber 1s used
to execute a second test to measure the variable. Also, the
plasma chamber 1s 1n a second condition during execution of
the second test. The plasma system further includes a radio
frequency (RF) transmission line coupled to the plasma
chamber for communicating an RF signal to the plasma
chamber. The plasma system further includes an impedance
matching circuit coupled to the RF transmission line, an RF
generator coupled to the impedance matching circuit for sup-
plying the RF signal, and a host system including a processor,
the host system coupled to the RF generator. The processor 1s
configured to determine a first relationship between the vari-
able measured using the first test and power provided during
the first test, determine a second relationship between the
variable measured using the second test and power provided
during the second test, and i1dentily power adjustment to
apply to the plasma chamber during a subsequent processing
operation based on the first and second relationships. The
power adjustment causes the plasma chamber to perform the
processing operation in a processing condition. The process-
ing condition 1s determined when the plasma chamber 1s 1n
the first condition.

In some embodiments, a first relationship between a func-
tion of a variable, e.g., voltage, current, etc., and power 1s
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generated. The variable 1s measured from a gap inside a
plasma chamber and the power 1s power supplied to an elec-
trode of the plasma chamber or power delivered to the elec-
trode. Moreover, a second relationship between a function of
a variable and power 1s generated. The second relationship
may be generated using the same plasma chamber as that used
to generate the first relationship or another plasma chamber
than the plasma chamber used to generate the first relation-
ship. The second relationship 1s compared with the first rela-
tionship to determine a difference between the first and sec-
ond relationships. The difference 1s reduced to achieve the
first relationship from the second relationship or to achieve
the second relationship from the first relationship. For
example, same amount of power provided to a plasma cham-
ber that 1s used to generate the first relationship 1s provided to
another plasma chamber that 1s used to generate the second
relationship. As another example, power provided to aplasma
chamber that 1s used to generate the first relationship 1s modi-
fied to achueve the second relationship. In this example, both
the first and second relationships are generated using the
same plasma chamber.

Some advantages of the above-described embodiments
include performing chamber-to-chamber matching or intrac-
hamber matching using a power control mode. For example,
when the first relationship 1s modified to achieve the second
relationship, the plasma chamber used to generate the first
relationship 1s operated to achieve the second relationship.
When the plasma chamber used to generate the first relation-
ship 1s operated to achieve the second relationship, a substan-
t1al amount of uniformaity is achieved 1n processing a waier in
the plasma chambers that are used to generate the first and
second relationships.

Moreover, a condition of a plasma chamber used to gener-
ate the first relationship may change over time. As a result of
a change 1n the condition, the plasma chamber used to gen-
crate the first relationship may produce different results that
are visible on waters. For example, when a water 1s cleaned 1n
a plasma chamber used to generate the first relationship, the
cleaning process changes a condition of the plasma chamber.
After the cleaning, when the plasma chamber used to generate
the first relationship 1s used to clean another wafer, the other
waler may not be cleaned to the same extent, e.g., level, aspect
rat1o, etc., as that of the wafer cleaned betore the other water.
The variation in processing wailers over time results in a radio
frequency (RF) transmission line that 1s coupled the plasma
chamber used to generate the first relationship experiencing
different losses over time of RF power communicated over
the transmission line. The modification of the first relation-
ship to achieve the second relationship 1n the plasma chamber
used to generate the first relationship has an advantage of
reducing the non-uniformity in processing of walers. When
the modification 1s performed, the difference 1n the losses 1s
compensated for.

Other aspects will become apparent from the following

detailed description, taken 1n conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings.

FI1G. 1 1s a diagram of a graph for illustrating chamber-to-
chamber matching using a power control mode, in accor-
dance with an embodiment described 1n the present disclo-
sure.
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4

FIG. 2 1s a diagram of an embodiment of a graph to 1llus-
trate intra-chamber matching using a power control mode, in

accordance with an embodiment described i1n the present
disclosure.

FIG. 3 1s a block diagram of a plasma system for generating,
one or more relationships between a function of variable and
power delivered to a plasma chamber by using a probe within
an electrostatic chuck (ESC), in accordance with an embodi-
ment described 1n the present disclosure.

FIG. 4A 1s a block diagram of a plasma system for gener-
ating one or more relationships between the function of the
variable and power delivered to a plasma chamber by using
the probe within a radio frequency tunnel, 1n accordance with
an embodiment described 1n the present disclosure.

FIG. 4B 1s a block diagram of a host system for using a
computer-generated model to determine a value of a variable
at an ESC model, in accordance with an embodiment
described in the present disclosure.

FIG. 5 1s a block diagram of a plasma system for 1llustrat-
ing inter-chamber matching between a plasma chamber of the
plasma system of FIG. 3 and another plasma chamber, 1n
accordance with an embodiment described in the present
disclosure.

FIG. 6 1s a diagram of a graph used to illustrate a relation-
ship between voltage and pressure during a no-plasma test, 1n
accordance with an embodiment described i1n the present
disclosure.

FIG. 7 shows a recipe for performing chamber-to-chamber
matching, 1n accordance with an embodiment described in the
present disclosure.

FIG. 8 shows arecipe for performing intra-chamber match-
ing, 1 accordance with an embodiment described 1n the
present disclosure.

FIG. 9A 1s a diagram of a graph used to 1llustrate a differ-
ence 1n relationships between three plasma chambers, 1n
accordance with an embodiment described in the present
disclosure.

FIG. 9B 1s an embodiment of a graph used to 1llustrate a
similarity 1n relationships between three plasma chambers
alter applying several embodiments described in the present
disclosure.

DETAILED DESCRIPTION

The following embodiments describe systems and meth-
ods for chamber matching using a power control mode. It will
be apparent that the present embodiments may be practiced
without some or all of these specific details. In other
instances, well known process operations have not been
described 1n detail 1n order not to unnecessarily obscure the
present embodiments.

FIG. 1 1s a diagram of an embodiment of a graph 102 for
illustrating chamber-to-chamber matching using a power
control mode. In chamber-to-chamber matching using a
power control mode, a relationship between a function of a
variable measured using a plasma chamber 1 and power asso-
ciated with the plasma chamber 1 1s determined. Also, a
relationship between a function of the variable measured
using a plasma chamber 2 and power associated with the
plasma chamber 2 1s determined.

Examples of the variable include current, voltage, reflec-
tion coelficient, etc. Examples of the function of the variable
include a square of the variable, a square root of the variable,
a mathematical power function of the variable, etc.

In some embodiments, the plasma chamber 2 has the same
structure as that of the plasma chamber 1. For example, the
plasma chamber 2 includes elements that have same dimen-
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s10ons as that of corresponding elements in the plasma cham-
ber 1. As another example, the plasma chamber 2 includes
clements that are of the same type as that of corresponding
clements in the plasma chamber 1. To illustrate, a transformer

coupled plasma (TCP) chamber has one or more elements of >

a different type than one or more elements of an inductively
coupled plasma (ICP) chamber and both the TCP and the ICP
chambers have one or more elements of different types than
one or more elements of an electron cyclotron resonance
(ECR) plasma chamber.

Examples of elements of a plasma chamber include an
upper electrode, a lower electrode, an upper plasma exclusion
zone (PEZ) ring, alower PEZ ring, a confinement ring assem-
bly, an edge ring, an mnsulator layer, gas distribution apertures,
walls of the plasma chamber, an upper dielectric ring sur-
rounding the upper electrode, an upper electrode extension
surrounding the upper dielectric ring, a lower dielectric ring
surrounding the lower electrode, a lower electrode extension
surrounding the lower dielectric ring, etc. In various embodi-
ments, the lower electrode and the lower electrode extension
are made ol a metal, e.g., anodized aluminum, alloy of alu-
minum, etc. Also, 1n some embodiments, the upper electrode
and the upper electrode extension are made of a metal, e.g.,
aluminum, alloy of aluminum, etc. In several embodiments,
the upper electrode 1s located opposite to and facing the lower
clectrode and the upper electrode extension 1s located oppo-
site to and facing the upper electrode.

Examples of dimensions of an element include a size of the
clement, a length of the element, a depth of the element, a
width of the elements, a surface area of the element, a volume
occupied by the element, etc.

Examples of elements of different types include a plate
electrode, an electric coil electrode, etc.

In various embodiments, the plasma chamber 2 1s structur-
ally 1dentical to plasma chamber 1 and has a different identi-
fication code than that of the plasma chamber 1. For example,
an entity i1dentifies the plasma chamber 1 using an i1dentity
code aaaa and the entity 1dentifies the plasma chamber 2 using
an 1dentity code bbbb.

In a number of embodiments, the plasma chamber 1 1s
structurally identical to the plasma chamber 2 and 1s used to
perform the same function as that of the plasma chamber 1.

Examples of a function performed by a plasma chamber

include physical vapor deposition (PVD), chemical vapor
deposition (CVD), plasma-enhanced CVD (PECVD), metal

CVD, a ligh-density plasma CVD (HDP-CVD) function, a
photoresist strip function, a photoresist surface preparation,
ultraviolet thermal processing (UVTP), efc.

In various embodiments, the plasma chamber 2 is structur-
ally and functionally 1dentical to plasma chamber 1 and has a
different identification code than that of the plasma chamber
1.

The power delivered to the plasma chamber 1 1s adjusted to
achieve the relationship generated using the plasma chamber
2. In some embodiments, instead of adjusting the power
delivered to the plasma chamber 1 to achieve the relationship
associated with the plasma chamber 2, the power delivered to
the plasma chamber 2 1s adjusted to achieve the relationship
generated using the plasma chamber 1.

In several embodiments, when the plasma chamber 1 1s a
golden chamber, which has a higher yield than that of the
plasma chamber 2, the power delivered to the plasma cham-
ber 2 1s adjusted to achieve the relationship generated using,
the plasma chamber 1. Also, when the plasma chamber 2 1s a
golden chamber, which has a higher yield than that of the
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plasma chamber 1, the power delivered to the plasma cham-
ber 1 1s adjusted to achieve the relationship generated using
the plasma chamber 2.

In various embodiments, a plasma chamber has a higher
yield than another plasma chamber when the higher yielding
plasma chamber 1s used to etch a wafer to achieve a higher
aspect ratio than that achieved using the lower yielding
plasma chamber, when use of the higher yielding plasma
chamber results in waters that are cleaner than those cleaned

using the lower yielding plasma chamber, when the higher
yielding plasma chamber etches at a faster rate than that
achieved using the lower yielding plasma chamber, when the
higher yielding plasma chamber cleans waters at a faster rate
than that achieved using the lower yielding plasma chamber,
when the higher vielding plasma chamber has a higher rate of
processing waters than that of the lower yielding plasma
chamber, or a combination thereof.

In the graph 102, the function of the varniable 1s plotted
along a y-axis and power 1s plotted along an x-axis. In some
embodiments, the power plotted along the x-axis 1s delivered
power, which 1s power delivered to a plasma chamber. As an
example, delivered power 1s a difference between supplied
power and retlected power. Supplied power 1s power supplied
to a plasma chamber by a radio frequency (RF) generator and
reflected power 1s power reflected from the plasma chamber
towards the RF generator. In various embodiments, the power
plotted along the x-axis 1s supplied power instead of delivered
POWE.

A solid line 101 of the graph 102 1s plotted using the plasma
chamber 1. For example, the power delivered to the plasma
chamber 1 1s plotted along the x-axis. Moreover, a current 1s
measured at a point on an element located between an RF
generator and a waler within the plasma chamber 1 and a
square of the current 1s plotted along the y-axis. As another
example, instead of the current, a voltage 1s measured at the
point and a square of the voltage 1s plotted on the y-axis. The
square of the voltage 1s plotted against power delivered to the
plasma chamber 1 to generate the solid line 101.

In several embodiments, a no-plasma test 1s performed
using the plasma chamber 1 to obtain the relationship 1llus-
trated 1n the solid line 101. For example, an amount of pres-
sure 1s maintained below a threshold or above a threshold
within the plasma chamber 1 to avoid striking plasma within
the plasma chamber 1. As another example, during the no-
plasma test, an RF generator generates an RF signal that 1s
provided via an impedance matching circuit and an RF trans-
mission line to a lower electrode of a plasma chamber. In this
example, a minimal amount of plasma is stricken within the
plasma chamber.

Electrical elements that are located between an RF genera-
tor and the water include elements that couple the RF gen-
erator to a plasma chamber. Examples of elements between an
RF generator and a water include an RF cable, an impedance
matching circuit, an RF transmission line, and an electrostatic
chuck (ESC). An RF cable couples an RF generator to an
impedance matching circuit, which 1s coupled via an RF
transmission line to an ESC of a plasma chamber.

A dashed line 103 of the graph 102 i1s plotted using the
plasma chamber 2 1n a stmilar manner 1n which the solid line
101 of the graph 102 1s plotted for the plasma chamber 1. For
example, the power delivered to the plasma chamber 2 is
plotted along the x-axis. Moreover, a current 1s measured at a
point on an element located between an RF generator and a
waler within the plasma chamber 2 and a square of the current
1s plotted along the y-axis. As another example, instead of the
current, a voltage 1s measured at the point and a square of the
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voltage 1s plotted on the y-axis. The square of the voltage 1s
plotted against power delivered to the plasma chamber 2 to
generate the dashed line 103.

In several embodiments, a no-plasma test 1s performed
using the plasma chamber 2 to obtain the relationship illus-
trated 1n the dashed line 103. For example, an amount of
pressure 1s maintained below a threshold or above a threshold
within the plasma chamber 2 to avoid striking plasma within
the plasma chamber 2.

A line 1s horizontally extended from a variable function 1
(VF1), e.g. square of a current value, square of a voltage
value, etc., past a point 109 on the solid line 101 to intersect a
point 111 on the dashed line 103. A line 1s vertically extended
from the point 111 to a point P2 on the x-axis. The point P2
has a power value of P2.

Instead of providing, e.g., delivering, supplying, etc., a
power P1 to the plasma chamber 1 to achieve the variable
function 1, the power P2 1s provided to the plasma chamber 1
to achieve the variable function 1. For example, to achieve the
higher yield of the plasma chamber 2, instead of providing the
power P1 to the plasma chamber 1 to achieve the variable
tfunction 1, the power P2 1s provided to the plasma chamber 1
to achieve the variable function 1. As another example, at a
time the power P1 1s to be provided to the plasma chamber 1
to achieve the variable function 1, the power P2 1s provided to
the plasma chamber 1 to achieve the variable function 1 and to
achieve the higher yield of the plasma chamber 2. Similarly,
in some embodiments, instead of providing the power P2 to
the plasma chamber 2 to achieve the vanable tunction 1, the
power P1 1s provided to the plasma chamber 2 to achieve the
variable function 1.

In some embodiments, provided power 1s delivered power
or supplied power.

In various embodiments, mnstead of extending lines hori-
zontally and/or vertically within the graph 102 to determine
the power P2 corresponding to the variable function 1, a slope
1 of the solid line 101 and a slope 2 of the dashed line 103 1s
calculated. The power P1 that 1s to be provided to the plasma
chamber 1 to achieve the variable function 1 1s multiplied
with a ratio of slope 1 and slope 2 to provide the power P2 to
the plasma chamber 1. For example, when the higher yielding,
relationship, shown by the dashed line 103, of the plasma
chamber 2 1s to be achieved, instead of providing the power
P1 to the plasma chamber 1 to achieve the variable function 1,
a power value, e.g., the power value P2, generated by multi-
plying the power value P1 with the ratio of slope 1 and slope
2 1s provided to the plasma chamber 1 to achueve the variable
function 1.

In some embodiments, when the relationship associated
with the plasma chamber 1 is to be achieved, e.g., to achieve
the higher vield of the plasma chamber 1 and to achieve the
variable function 1, the power value P2 1s multiplied by a ratio
of slope 2 and slope 1 to generate the power value P1 that is to
be provided to the plasma chamber 2.

In some embodiments, the terms “power value P1” and
“power P17 are used interchangeably. In various embodi-
ments, the terms “power value P2” and “power P2” are used
interchangeably.

It should be noted that each of slope 1 and slope 2 provides
impedance at a point, 1n a plasma system, at which the vari-
able 1s measured when the variable 1s voltage. It should fur-
ther be noted that each of slope 1 and slope 2 provides an
inverse of impedance at a point, 1n a plasma system, at which
the vaniable 1s measured when the variable 1s current.

FIG. 2 1s a diagram of an embodiment of a graph 104 to
illustrate intra-chamber matching using a power control
mode. In intra-chamber matching, the function of the variable
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1s plotted along a y-axis and power provided to the plasma
chamber 1 1s plotted along an x-axis for the same plasma
chamber 1 for two different conditions of the plasma chamber
1. The two different conditions 1include a condition 1 and a
condition 2.

A solid line 105 1s plotted when the plasma chamber 1 1s 1n
the condition 1. The solid line 1035 illustrates a relationship
between the function of the vanable and the power delivered
to the plasma chamber 1 during the condition 1. Moreover, a
dashed line 107 1s plotted when the plasma chamber 1 1s 1n the
condition 2. The dashed line 107 1s a relationship between the
function of the variable and the power delivered to the plasma
chamber 1 during the condition 2.

In some embodiments, the condition 2 1s a condition that
occurs at a different time than a time of occurrence of the
condition 1. For example, the condition 2 occurs after corro-
s10n of one or more elements of the plasma chamber 1 and the
condition 1 occurs before the corrosion.

In several embodiments, the condition 2 1s a condition that
occurs after use of the plasma chamber 1 and the condition 1
1s a condition that occurs before the use. The plasma chamber
1 1s 1n the condition 1 before the use. For example, after the
plasma chamber 1 1s used to perform wet cleaning of a water,
the plasma chamber 1 has a different condition, which 1s the
condition 2, than before the performance of the wet cleaning.
As another example, after the plasma chamber 1 1s used to
ctch a wafter, the plasma chamber 1 has a different condition,
which 1s the condition 2, than before the performance of the
ctching. As yet another example, aiter one or more gases, e.g.,
process gas, inert gas, a combination thereof, etc., are sup-
plied within the plasma chamber 1, the plasma chamber 1 has
a different condition than before the supplying of the gases.

When the plasma chamber 1 1s 1n the condition 1, power 1s
provided to the plasma chamber 1, the power 1s plotted along
the x-axis, the variable 1s measured at a point between the RF
generator coupled to the plasma chamber 1 and a wafer in the
plasma chamber 1, and the function of the variable 1s plotted
along the y-axis. The relationship illustrated using the solid
line 105 1s generated when the plasma chamber 1 1s i the
condition 1.

Similarly, when the plasma chamber 1 1s 1n the condition 2,
the relationship illustrated using the dashed line 107 1s gen-
crated by providing power to the plasma chamber 1, plotting
the power along the x-axis, measuring the variable at a point
between the RF generator coupled to the plasma chamber 1
and a water within the plasma chamber, calculating a function
of the variable, and plotting the function versus the power.

Moreover, in a manner similar to that described above 1n
case of the plasma chambers 1 and 2, the power value P2 i1s
generated based on the variable function 1. For example, a
line 1s horizontally extended from a point 113, corresponding
to the variable function 1, on the solid line 105 to intersect a
point 115 on the dashed line 107. The variable function 1 1s
achieved at both the points 113 and 115. A line 1s vertically
extended from the point 115 to a point P2, e.g., the power
value P2, on the x-axis.

The power value P2 is provided to the plasma chamber 1
when the plasma chamber 1 1s 1n the condition 1 mstead of
providing the power value P1 to achieve the variable function
1.

It should be noted that 1n some embodiments, the condition
1 of the plasma chamber 1 results in a higher yield than that
resulting during the condition 2 of the plasma chamber 1. In
various embodiments, the condition 2 of the plasma chamber
1 results 1n a higher yield than that resulting during the con-
dition 1 of the plasma chamber 1.
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In various embodiments, instead of generating the power
value P2 by extending a line horizontally from the point 113
and further by vertically extending a line from the point 1135
towards the x-axis, the power value P1 1s generated by extend-
ing a line horizontally from the point 115 to the solid line 105
to 1ntersect the solid line 105 at the point 113 and vertically
extending from the point 113 on the solid line 105 to the
power value P1. The power value P1 1s provided to the plasma
chamber 1 during the condition 2 instead of providing the
power value P2 to achieve the variable function 1.

In several embodiments, regardless of whether the plasma
chamber 1 1s in the condition 1 or the condition 2, ano-plasma
test 1s performed using the plasma chamber 1 to obtain the
relationships 1llustrated i1n the lines 105 and 107. For
example, pressure within the plasma chamber 1 1s maintained
at an amount below a threshold or above a threshold to avoid
striking plasma within the plasma chamber 1.

Furthermore, 1n some embodiments, instead of using the
horizontal and/or vertical extensions, the slope 1 of the solid
line 105 and the slope 2 of the dashed line 107 are calculated.
The power value P2 1s determined by multiplying the power
value P1 with a ratio of slope 1 to slope 2. The power value P2
1s provided to the plasma chamber 1 during the condition 1
instead of providing the power value P1 during the condition
1.

In various embodiments, instead of determining the power
value P2 from the ratio of slopes 1 and 2, the power value P1
1s determined by multiplying the ratio of slope 2 to slope 1 to
the power value P2, and the power value P1 1s provided to the
plasma chamber 1 during the condition 2. The power value P1
1s provided to the plasma chamber 1 instead of providing the
power value P2 during the condition 2.

FIG. 3 1s a block diagram of an embodiment of a system
120 for generating one or more relationships between the
function of the variable and power delivered to a plasma
chamber 122 by using a probe 124 within an ESC 126. The
plasma chamber 122 1s an example of the chamber 1.

In some embodiments, one of the relationships, e.g., the
relationship 1llustrated using the solid line 101 (FIG. 1), the
relationship illustrated using the solid line 105 (FIG. 2), etc.,

1s generated during the condition 1 of the plasma chamber 122
and another one of the relationships, e.g., the relationship
illustrated using the dashed line 107 (FIG. 2), etc., 1s gener-
ated during the condition 2 of the plasma chamber 122.

A host system 128 15 coupled to one or more RF generators,
¢.g., an X megahertz (MHz) RF generator, a y MHz RF gen-
erator, a z MHz RF generator, etc. The x MHz generator may
be a 2 MHz RF generator, the y MHz RF generator may be a
2’7 MHz RF generator, and the z MHz RF generator may be a
60 MHz RF generator.

Examples of the host system 128 include a computer, a
processor-based system, a workstation, a laptop, a desktop, a
tablet, a cell phone, efc.

As used herein, a processor may be an application specific
integrated circuit (ASIC), a programmable logic device
(PLD), a microprocessor, a central processing unit (CPU),
etc.

In some embodiments, instead of the 2 MHz RF generator,
an RF generator of a different frequency, e.g., a 3 MHz RF
generator, a4 MHz RF generator, a > MHz RF generator, etc.,
may be used. Similarly, RF generators of different frequen-
cies may be used instead of the y and z MHz RF generators.

In several embodiments, the x MHz RF generator may be a
27 MHz RF generator. In these embodiments, the v and z
MHz RF generators are 2 and 60 MHz RF generators.
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In a number of embodiments, the x MHz RF generator may
be a 60 MHz RF generator. In these embodiments, the y and
7z MHz RF generators are 2 and 27 MHz RF generators.

When the plasma chamber 122 1s 1n the condition 1, the
host system 128 sends power values and a frequency of opera-
tion to a digital signal processor (DSP) 130 of the x MHz RF
generator. The DSP 130 sends the power values and the fre-
quency to a driver and amplifier system (DAS) 132 of the x
MHz RF generator.

The DAS 132 recerves the power values and the frequency
and generates an RF signal having the power values and the
frequency. The RF signal 1s supplied via an RF cable 134 to a
matchbox 136, which 1s an impedance matching circuit.

In some embodiments, the DAS 132 amplifies an RF signal
that 1s generated by a driver of the DAS to generate an ampli-
fied RF signal, which 1s supplied via the RF cable 134 to the
matchbox 136.

In various embodiments, when an RF signal 1s generated

by the x MHz RF generator to generate the solid line 101
(FI1G. 1), the solid line 105 (FI1G. 2), the dashed line 103 (FIG.

1), and/or the dashed line 107 (FIG. 2), the y and z MHz RF
generators do not generate RFE signals. For example, the y and
7z MHz RF generators are turned oif when the x MHz RF
generator 1s used to generate an RF signal.

An 1mpedance matching circuit includes electric circuit
components, €.g., imnductors, capacitors, etc. to match an
impedance of a power source coupled to the impedance
matching circuit with an impedance of a load coupled to the
impedance matching circuit. For example, the matchbox 136
matches an impedance of a source, which includes one or
more of the X, y, and z MHz RF generators that are opera-
tional, and an impedance of one or more of the RF cables 134,

137, and 138 with an impedance of an RF transmission line
140 and the plasma chamber 122. The RF cables 134, 137,

and 138 couple the matchbox 136 to the x, y, and z MHz RF
generators. An impedance match between a power source and
a load reduces chances of power being reflected from the load
towards the power source.

The RF transmission line 140 1s coupled to the matchbox
136 and to the plasma chamber 122. The RF transmission line
140 includes an RF cable 142, which i1s coupled to an RF
tunnel 144, and the RF tunnel 144 1s coupled to an RF strap
148. Within the RF tunnel 144 lays an insulator 150 and an RF
rod 152. The insulator 150 1nsulates the RF rod 152 from a
sheath of the RF tunnel 144. The RF rod 152 1s coupled via a
connector 146 to the RF strap 148, which 1s sometimes also
known as an RF spoon. The RF strap 148 1s coupled to the
lower electrode of the ESC 126.

A water 154, e.g., a semiconductor wafer, 1s supported on
an upper surtace 156 of the ESC 126. Integrated circuits, e.g.,
application specific integrated circuits (ASICs), program-
mable logic devices (PLDs), etc. are developed on the water
154 and the integrated circuits are used 1n a variety of devices,
¢.g., cell phones, tablets, smart phones, computers, laptops,
networking equipment, etc. An upper electrode 158 faces the

lower electrode of the ESC 126.

The plasma chamber 122 has walls W1, W2, W3, and W4
that enclose plasma that 1s generated within the plasma cham-
ber 122. It should be noted that in some embodiments, the
plasma chamber 122 includes more than four walls. In several
embodiments, a wall of the plasma chamber 122 may be
perpendicular to an adjacent wall. In various embodiments, a
wall of the plasma chamber 122 may form a non-perpendicu-
lar angle with an adjacent wall of the plasma chamber 122.

The probe 124 1s embedded within the ESC 126. In several

embodiments, instead of being embedded within the ESC
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126, the probe 124 1s coupled to the ESC 126. The probe 124
may be located within the plasma chamber 122.

Examples of the probe 124 include a current probe that
measures current, a voltage probe that measures voltage, and
a voltage and current probe that measures voltage and current.
The probe 124 1s coupled to the host system 128. For
example, the probe 124 1s coupled to an analog-to-digital
converter ol the host system 128 and the analog-to-digital
converter 1s coupled to a processor of the host system 128.

In some embodiments, instead of the probe 124, two probes
are used. For example, a voltage probe that measures voltage

and a current probe that measure current 1s used 1nstead of the

probe 124.

An RF signal that 1s generated by the x MHz RF generator
1s communicated via the RF cable 134, the matchbox 136, the
RF cable 142, the RF rod 152, the connector 146, and the RF
strap 148 to the lower electrode of the ESC 126.

In some embodiments, the upper electrode 158 includes
gas distribution apertures that are coupled to a central gas teed
(not shown). The central gas feed receives one or more gases,
¢.g., process gases, inert gases, a combination thereot, etc.,
from a gas supply (not shown). Examples of process gases
include an oxygen-containing gas, such as O,. Other
examples of a process gas include a fluorine-containing gas,
e.g., tetrafluoromethane (CF,), sulfur hexafluoride (SF),
hexafluoroethane (C,F,), etc. The upper electrode 158 1s
grounded.

When the RF signal generated by the x MHz RF generator
1s provided to the plasma chamber 122, a no-plasma test 1s
performed. For example, an amount of pressure 1s maintained
within the plasma chamber 122 that 1s in the condition 1 to
avold striking plasma within the plasma chamber 122. As
another example, a gas 1s not supplied or a limited amount of
the gas 1s supplied to maintain pressure within the plasma
chamber 122 below a threshold. During a no-plasma test, a
mimmal amount of plasma 1s generated 1n the plasma cham-
ber 122.

During the no-plasma test, the probe 124 measures a vari-
able and sends the measurement to the host system 128. The
host system 128 recerves the measurement of the variable and
the analog-to-digital converter of the host system 128 con-
verts the measurement from an analog form to a digital form.
In some embodiments, the probe 124 converts the measure-
ment from an analog to a digital form before sending the
measurement to the host system 128.

The processor of the host system 128 generates the func-
tion of the variable based on the measurement of the variable.
For example, the processor of the host system 128 calculates
a square of the variable. It should be noted that a sensor 160,
¢.g., a voltage and current sensor, a power sensor, etc., which
1s coupled to the RF cable 134, measures supplied power,
which 1s power supplied by the x MHz RF generator, or
measures, delivered power, which 1s a difference between the
supplied power and power that 1s reflected via the RF cable
134 from the plasma chamber 122 towards the x MHz RF
generator. The measurement of the provided power 1s sent by
the sensor 160 via the DSP 130 to the processor of the host
system 128. Continuing with the example, the processor
determines a relationship, e.g., the relationship 1llustrated 1n
the solid line 101 (FIG. 1), the relationship 1llustrated 1n the
solid line 105 (FIG. 2), etc., between the function of the
variable and the provided power over a period of time.

In some embodiments, instead of the sensor 160 measuring,
both the supplied and reflected powers, the sensor 160 mea-
sures retlected power and the supplied power 1s a power value

sent by the host system 128 to the DSP 130.
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Also, when a condition of the plasma chamber 122 changes
after the relationship 1s determined, a no-plasma test 1s per-
formed. For example, an amount of pressure 1s maintained
within the plasma chamber 122 that 1s 1n the condition 2 to
avold striking plasma within the plasma chamber 122. The
probe 124 measures the variable of the plasma and the sensor
160 measures the supplied and reflected powers.

After the condition changes, the processor of the host sys-
tem 128 receives the measurement of the variable from the
probe 124 and receives the measurements of the supplied and
reflected powers via the DSP 130, calculates the function of
the variable from the measurement of the variable, determines
delivered power from the supplied and reflected powers, and
determines a relationship, e.g., the relationship 1llustrated 1n
the dashed line 107 (FIG. 2), etc., between the function of the
variable and the delivered power over a period of time.

In some embodiments, instead of using the delivered power
to determine the relationship during the condition 2, the sup-
plied power 1s used. For example, a relationship between the
supplied power and the function of the variable 1s determined.

During or before subsequent processing of the wafter 154,
the processor of the host system 128 performs intra-chamber
matching for the plasma chamber 122 1n a manner described
above with reference to FIG. 2. For example, the processor
calculates the slope 1 and the slope 2 (FIG. 2), calculates a
ratio of the slope 2 and the slope 1, multiplies the power value
P1 with the ratio to compute the power value P2. As another
example, 1stead of determining the ratio of the slope 2 to
slope 1 (FIG. 2), the processor calculates a ratio of the slope
1 to the slope 2 (FIG. 2) and multiplies the power value P2
with the ratio to compute the power value P1. As yet another
example, to achieve the variable function 1 during the condi-
tion 1, the processor extends a line horizontally from the point
113 to intersect the dashed line 107 at the point 115 (FIG. 2).
Continuing with the example, the processor extends a vertical
line from the intersected point 1135 to intersect the x-axis
(FI1G. 2) at the power value P2 to determine the power value
P2 for the condition 1. As another example, to achieve the
variable function 1 during the condition 2, the processor
extends a line horizontally from the point 113 to intersect the
solid line 105 at the point 113 (FIG. 2). The processor extends
a line vertically from the intersected point 113 on the solid
line 105 to intersect a point, which 1s the power value P1, on
the x-axi1s to determine the power value P1 for the condition 2.
The subsequent processing of the waler 154 occurs after
obtaining the graph 102 and/or the graph 104 (FIGS. 1 and 2).

Examples of processing the waler 154 includes cleaning
the water, depositing materials on the water 154, etching the
waler 154, sputtering the water 154, applying plasma to the
water 154, etc.

In some embodiments, during the subsequent processing,
of the water 154, a power value, e.g., the power value P1, the
power value P2, etc., to be provided to the plasma chamber
122 that 1s 1n a condition, €.g., the condition 1, the condition
2, etc., 1s 1dentified, e.g., read, etc., from a storage device of
the host system 128. The storage device 1s further described
below. When an RF signal having the power value 1s supplied
and the process gas 1s supplied to the plasma chamber 122
during the subsequent processing, plasma 1s stricken within
the plasma chamber 122. The plasma 1s used to process the
waler 154.

In various embodiments, a processing condition 1s
achieved during the subsequent processing of the waler 154.
For example, during the subsequent processing using the
plasma chamber 122 1n the condition 2, the power value P1
and the variable function 1 are achieved. As another example,




US 9,119,283 B2

13

during the subsequent processing using the plasma chamber
122 in the condition 1, the power value P2 and the variable
function 1 are achieved.

In some embodiments in which the power values plotted
along the x-axis are delivered power values, during subse-
quent processing of the water 154, when the plasma chamber
122 is 1n the condition 1 and the power value P2 associated
with the condition 2 1s to be delivered to the plasma chamber
122, the processor of the host system 128 determines a supply
power value to achieve the delivered power value P2 and
instead of sending a supply power value to achieve the deliv-
ered power value P1, sends the supply power value to achieve
delivered power P2 during the condition 1 of the plasma
chamber 122. For example, the processor supplies a power
value to the DSP 130, which sends the power value to the DAS
132. The DAS 132 generates an RF signal based on the power
value and supplies the RF signal to the plasma chamber 122.
When the RF signal 1s supplied to the plasma chamber 122,
the sensor 160 measures retlected power and sends the mea-
surement to the processor of the host system 128. The pro-
cessor of the host system 128 calculates the delivered power
from the measurement of the reflected power and the supplied
power of the RF signal and determines whether the delivered
power 1s equal to the power value P2. Upon determining that
the delivered power value 1s equal to P2, the processor of the
host system 128 continues to send a supply power value to
achieve the delivered power value P2 to the DSP 130 to
continue to supply the RF signal corresponding to the deliv-
ered power P2. On the other hand, the operations of changing
the supplied power value, measuring the supplied and
reflected power, and calculating the delivered power are
repeated until the delivered power matches the power value
P2.

Similarly, 1n various embodiments 1n which the power
values plotted along the x-axis are delivered power values,
during subsequent processing ol the water 154, when the
plasma chamber 122 1s 1n the condition 2 and the power value
P1 associated with the condition 1 1s to be delivered to the
plasma chamber 122, the processor of the host system 128
determines a supply power value to achieve the delivered
power value P1 and instead of sending a supply power value
to achieve the delivered power value P2, sends the supply
power value to achieve the delivered power value P1 during
the condition 2 of the plasma chamber 122.

In embodiments 1n which the power values plotted along
the x-axis are supply power values, during subsequent pro-
cessing ol the water 154, when the plasma chamber 122 15 1n
the condition 1 and the power value P2 associated with the
condition 2 1s to be supplied to the plasma chamber 122, the
processor of the host system 128 sends the power value P2
during the condition 1 of the plasma chamber 122 1nstead of
sending the power value P1 during the condition 1 to achueve
the variable function 1 and the x MHz RF generator supplies
an RF signal having the power value P2 instead of supplying
an RF signal having the power value P1.

Similarly, 1n a number of embodiments 1n which power
values plotted along the x-axis are supply power values, dur-
ing subsequent processing of the water 154, when the plasma
chamber 122 1s in the condition 2 and the power value P1
associated with the condition 1 1s to be supplied to the plasma
chamber 122, the processor of the host system 128 sends the
power value P1 during the condition 2 of the plasma chamber
122 instead of sending the power value P2 during the condi-
tion 2 to achueve the variable function 1 and the x MHz RF
generator supplies an RF signal having the power value P1
instead of supplying an RF signal having the power value P2.
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In several embodiments, instead of using the probe 124 1n
conjunction with the host system 128, a network analyzer or
an impedance scanner 1s used instead of the probe 124. For
example, the network analyzer includes an RF probe that 1s
coupled to a network analyzer, which 1s further coupled to the
host system 128. The RF probe may be a small microwave
antenna. The network analyzer supplies electrical signals to
the RF probe. Upon receiving the electrical signals, the RF
probe launches microwave signals into the plasma chamber
122. The microwave signals interact with the plasma within
the plasma chamber 122 and are detected by the RF probe.
The RF probe converts the detected microwave signals into
clectrical signals. The network analyzer determines a retlec-
tion coellicient from the electrical signals and sends the
reflection coellicient to the host system 128. The processor of
the host system 128 keeps track of a change 1n the reflection
coellicient over time and generates a graph, e.g., the graph
102 (FIG. 1), the graph 104 (FIG. 2), etc., to determine rela-
tionships between the reflection coellicient and power pro-
vided to the lower electrode of the ESC 126. The relationships
are then used by the processor of the host system 128 to
determine power to provide to the lower electrode to achieve
a condition, e.g., the condition 1, the condition 2, etc., or to
perform chamber-to-chamber matching.

In several embodiments, when the network analyzer or the
impedance scanner 1s used, a no-plasma test 1s performed
within the plasma chamber 122.

FIG. 4A 1s a block diagram of an embodiment of a plasma
system 172 for generating one or more relationships between
the function of the vanable and power delivered to a plasma
chamber 123 by using the probe 124 within an RF tunnel 176.
Theplasma system 172 operates in a stmilar manner as that of
the plasma system 120 (FIG. 3) except that the plasma cham-
ber 123 excludes the probe 124 within the ESC 126. Instead,
the plasma system 172 includes the probe 124 within an
insulator of the RF tunnel 176. The probe 124 1s coupled to an
output of the RF rod 152.

The output of the RF rod 152 1s coupled to an input of the
RF strap 148 via the connector 146. An mput of the RF rod
152 1s coupled to an output of the RF cable 142. An mput of

the RF cable 142 1s coupled to the matchbox 136. An output

of the RF strap 148 1s coupled to a lower electrode of an ESC
127 of a plasma chamber 123. The ESC 127 1s similar 1n
structure and function to the ESC 126 (FIG. 3) except that the
ESC 127 excludes the probe 124 (FIG. 3).

In some embodiments, the probe 124 1s coupled to the RF
rod 152 and 1s located outside the RF tunnel 176.

The RF cable 142, the RF rod 152, the RF tunnel 176, the
connector 146, and the RF strap 148 are parts of an RF
transmission line 178 that couple the matchbox 136 to the
lower electrode of the ESC 127.

The probe 124 measures the variable when the x MHz RF
generator supplies power to the plasma chamber 123. The
power 1s supplied to the plasma chamber 123 via the RF cable
134, the matchbox 136, and the RF transmission line 178.

In some embodiments, the variable 1s measured from the
plasma chamber 123 when the process gas 1s supplied to the
plasma chamber 123 and an RF signal 1s provided to the
plasma chamber 123 to strike plasma within the plasma
chamber 123.

In several embodiments, the variable 1s measured during a
no-plasma test. For example, the variable 1s measured from
the plasma chamber 123 when an RF signal 1s provided to the
plasma chamber 123, a gas 1s supplied to the plasma chamber,
and an amount of pressure 1s maintained below a threshold or
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above a threshold to avoid striking plasma within the plasma
chamber 123 or to strike a minimal amount of plasma within
the plasma chamber 123.

The measurement of the variable 1s sent by the probe 124 to
the host system 128. Upon recerving the measurement of the
variable, the analog-to-digital converter of the host system
128 converts the measurement from an analog form to a
digital form and sends the digital measurement to the proces-
sor of the host system 128. The processor of the host system
128 applies a computer-generated model of one or more
portions of the RF transmission line 178 and/or of the ESC
127 to the measurement 1n the digital form to determine the
variable at the ESC 127. The computer-generated model 1s
described below.

In some embodiments, instead of performing the conver-
sion from the analog to the digital format within the host
system 128, the probe 124 converts the analog measurement
of the vaniable to the digital format and sends the digital
measurement to the processor of the host system 128.

FIG. 4B 1s a block diagram of an embodiment of a host
system 180 for using a computer-generated model to deter-
mine a value of a variable at an ESC model 182. The host
system 180 1includes a processor 184 and a storage device 186,
¢.g., a random access memory (RAM), a read-only memory
(ROM), or a combination thereof. In some embodiments, the
storage device 186 1s a hard disk, a flash memory, a disk array,
ctc. The host system 180 1s an example of the host system 128
(FIG. 3). The storage device 186 1s coupled to the processor
184 and stores a cable model 188, a tunnel model 190, a strap
model 192, and the ESC model 182.

It should be noted that the cable model 188 1s a computer-
generated model of the RFE cable 142 (FIG. 4A), the tunnel
model 190 1s a computer-generated model of the RF tunnel
176 (FI1G. 4A), the strap model 192 1s a computer-generated
model of the RF strap 148 (F1G. 4A), and the ESC model 182
1s a computer-generated model of the ESC 127 (F1G. 4A). For
example, the tunnel model 190 has similar characteristics,
e.g., capacitances, mductances, complex power, complex
voltage and currents, etc., as that of the RF rod 152. As
another example, the tunnel model 190 has the same capaci-
tance, inductance, resistance, or a combination thereof as that
of the RF rod 152. As yet another example, the strap model
192 has the same capacitance, inductance, resistance, or a
combination thereof as that of the RF strap 148 (FIG. 4A). As
another example, the ESC model 182 has the same capaci-
tance, inductance, resistance, or a combination thereot as that
of the ESC 127 (FIG. 4A).

The processor 184 receives the measurement of the vari-
able from the probe 124 (FIG. 4A). The processor 184 deter-
mines a value of the variable at an output of the ESC model
182 based on the measurement of the variable received from
the probe 124 and the characteristics of the strap model 192
and the ESC model 182. For example, the processor 184
receives a magnitude of the current at the output of the RF rod
152 (FIG. 4A), recetves a magnitude of the voltage at the
output of the RF rod 152, and receives a phase between the
voltage and current, and determines a directed sum of the
current, the voltage, and the phase and currents and voltages
generated by the capacitances, inductances, and/or resis-
tances ol the strap model 192 and the ESC model 182 to
determine voltage and current at the output of the ESC model
182. The currents and voltage generated by the capacitances,
inductances, and/or resistances of the strap model 192 and the
ESC model 182 include magnitudes of the voltages, magni-
tudes of the currents, and phases of the currents. In some
embodiments, a resistance excludes a phase and 1s defined 1n
terms of a current magnitude and a voltage magnitude.
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The processor 184 uses the value of the variable at the
output of the ESC model 182 instead of the measurement of
the variable from the probe 124 to calculate the function of the
variable to further determine relationships of the function of
the variable with power that 1s provided to the plasma cham-
ber 122 (FIG. 4A). Based on the relationships, the processor
184 calculates the power value P1 or the power value P2.

In various embodiments, the probe 124 1s connected to an
input of the RF rod 152 instead of to the output of the RF rod
152. In these embodiments, the processor 184 determines a
value of the variable at an output of the ESC model 182 based
on the measurement of the variable recerved from the probe
124 and the characteristics of the tunnel model 190, the strap
model 192 and the ESC model 182.

In various embodiments, the probe 124 1s coupled to any
point between the x MHz RF generator and the water 154
(F1G. 4A). For example, the probe 124 1s coupled to the RF
cable 134 (FIG. 4A). In these embodiments, a computer-
generated model of elements of the plasma system 172 (FIG.
4A) between the point and the water 154 1s generated and
variable at a computer-generated model of the ESC 127 1s
determined based on the varniable measured with the probe
124 and impedances of elements between the point and the
waler 154. For example, when the probe 124 1s coupled to a
point on the RF cable 134, a computer-generated model of
clements of the plasma system 172 between a portion of the
RF cable 134 from the point to the matchbox 136, a computer
model of the matchbox 136, a computer model of the RF
cable 142, a computer model of the RF rod 152, a computer
model of the RF strap 148, and a computer model of the ESC
127 are generated. In this example, a varniable at the ESC
model 182 1s determined based on the variable measured at
the point and 1impedances of a computer-generated model of
the portion of the RF cable 134 (FIG. 4A), a computer-
generated model of the matchbox 136, the cable model 188,
the tunnel model 190, the strap model 192, and the ESC
model 182. As another example, when the probe 124 1s
coupled to an output of the x MHz RF generator, a computer
model of the RF cable 134, a computer model of the match-
box 136, a computer model of the RF transmission line 178,
and a computer model of the ESC 127 are generated. The
output ol the x MHz RF generator 1s coupled to an input of the
RF cable 134 (FIG. 4A). In this example, a variable at the
output of the x MHz RF generator 1s measured and the vari-
able at the wafer 154 1s determined based on the measured
variable and impedances of elements, e.g., resistors, capaci-
tors, inductors, etc., of the RF cable 134, the matchbox 136,
the RF transmission line 178, and the ESC 127.

In various embodiments, the ESC model 182 is not used to
determine a variable at the ESC 127 (FIG. 4A). For example,
when the probe 124 1s coupled to a point on the RF cable 134,
a computer model of elements of the plasma system 172
between a portion of the RF cable 134 from the point to the
matchbox 136, a computer model of the matchbox 136, a
computer model of the RF cable 142, a computer model of the
RF rod 152, and a computer model of the RF strap 148 are
generated. In this example, a variable at the ESC model 182 1s
determined based on the variable measured at the point and
impedances of a computer-generated model of the portion of
the RF cable 134, a computer-generated model of the match-
box 136, the cable model 188, the tunnel model 190, and the
strap model 192.

FIG. 5 1s a block diagram of an embodiment of a plasma
system 200 for 1llustrating inter-chamber matching between
the plasma chamber 122 (FIG. 3) and a plasma chamber 202,
which 1s an example of the chamber 2. The system 200 1s
similar to the system 120 (FIG. 3) except that the system 200
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includes a plasma chamber 202 1nstead of the plasma cham-
ber 122. For example, the plasma chamber 202 has a different
identification code than the plasma chamber 122 and both the
plasma chambers 202 and 122 have the same structure and/or
function. As another example, one or more elements of the
plasma chamber 122 are replaced with one or more elements
of the plasma chamber 202. As yet another example, the ESC
204 replaces the ESC 126 (Figure 3) of the plasma chamber
122. In some embodiments, the one or more elements of the
plasma chamber 202 that replace the one or more elements of
the plasma chamber 122 have the same structure and/or func-
tion as that of the one or more elements of the plasma chamber
122. For example, the ESC 204 has the same dimensions as
that of the ESC 126. As another example, the ESC 204
includes the same elements, e.g., a heater, a thermal insulator,
a ceramic support, etc. as that of the ESC 126. As yet another
example, the ESC 204 has the same characteristics, e.g.,
inductance, capacitance, resistance, a combination thereof,
etc., asthatofthe ESC 126. As another example, both the ESC
204 and 126 are provided with power by an RF generator. As
another example, both the plasma chambers 202 and 122 are
of the same type. To 1llustrate, a TCP chamber 1s of a different
type than an ICP chamber and both the TCP and the ICP
chambers are of a different types than an ECR plasma cham-
ber.

In some embodiments, the plasma chamber 122 1s an
example of the plasma chamber 1 and the plasma chamber
202 1s an example of the plasma chamber 2.

In some embodiments, the plasma chamber 122 1s
decoupled from the RF transmission line 140 to couple the
plasma chamber 202 to the RF transmission line 140. The
waler 154 1s placed on an upper surface 206 of the ESC 204.
The upper surface 206 faces the upper electrode 138.

In some embodiments, the relationship 1llustrated using the
dashed line 103 (F1G. 1) 1s generated using the plasma cham-

ber 202.

The probe 124 1s embedded within the ESC 204 1n a man-
ner similar to that of embedding the probe 124 within the ESC
126. In several embodiments, instead of embedding the probe
124 within the ESC 204, the probe 124 1s coupled to the ESC
204 and 1s located outside the ESC 204.

During performance of a no-plasma test using the plasma
chamber 202, the host system 128 determines an amount of
power within an RF signal and a frequency of the RF signal to
supply to the plasma chamber 202. The amount of power and
the frequency are sent as mputs via the DSP 130 to the DAS
132. The DAS 132 generates an RF signal having the amount

of power and the frequency. The RF signal 1s supplied by the
x MHz RF generator via the RF cable 134, the matchbox 136,

and the RF transmission line 140 to the lower electrode of the
ESC 204. When the process gas 1s supplied to the plasma
chamber 202 and power 1s supplied to the lower electrode of
the ESC 204 via the RF signal, plasma 1s generated within the
plasma chamber 202.

As described above, 1n several embodiments 1n which a
no-plasma test 1s performed, when power 1s supplied to the
lower electrode of the ESC 204 via the RF signal and an
amount ol pressure less than a threshold or greater than a
threshold 1s maintained within the plasma chamber 202, a
mimmal amount of plasma 1s struck within the plasma cham-
ber.

During the no-plasma test, the probe 124 measures the
variable associated with plasma of the plasma chamber 202
and sends the measurement to the host system 128. The pro-
cessor of the host system 128 calculates a function of the
variable from the measurement of the variable. The processor
of the host system 128 determines a relationship, such as, for
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example, the relationship illustrated using the dashed line 103
of the graph 102 (FIG. 1), from the function of the variable
and power supplied by the x MHz RF generator to the plasma
chamber 202.

In some embodiments, istead of determining the relation-
ship between the function of the variable and the supplied
power during the no-plasma test, the processor of the host
system 128 determines a relationship between the function of
the variable and power delivered to the plasma chamber 202
during the no-plasma test. For example, the sensor 160 mea-
sures power reflected from the plasma chamber 202 towards
the x MHz RF generator. The sensor 160 sends the retlected
power measurement to the processor of the host system 128
via the DSP 130. The processor of the host system 128 cal-
culates a difference between the supplied power and the
reflected power to determine delivered power, and further
determines the relationship, 1llustrated in the dashed line 103
of the graph 102, between the function of the variable and the

delivered power.

When the plasma chamber 122 (FIG. 3) 1s the golden
chamber, the processor of the host system 128 horizontally
extends a line from the point 111 on the dashed line 103 (FIG.
1) corresponding to the variable function 1 to intersect the
solid line 101 at the point 109. The processor of the host
system 128 vertically extends a line from the intersected point
109 towards the x-axis to intersect the x-axis at the power
value P1.

During subsequent processing of the water 154, instead of
sending the power value P2 to the DAS 132 via the DSP 130
to achieve the variable function 1, the processor of the host
system 128 1dentifies and sends the power value P1 to the
DAS 132 via the DSP 130 to achieve the variable function 1.
For example, the processor of the host system 128 1dentifies,
e.g., reads, etc., from the storage device 186 (FIG. 4B) the
power value P1 that 1s associated with the power value P2.
The power values P1 and P2 are associated with each other as
achieving the variable function 1. Upon recerving the power
value P1, the DAS 132 generates an RF signal having the
power value P1 and sends the RF signal via the RF cable 134,
the matchbox 136, and the RF transmission line 140 to the
lower electrode of the ESC 204. The power value P1 that 1s
read from the storage device 186 and that 1s used to achieve
the variable function 1, and the wvarniable function 1 are
examples of a processing condition.

In some embodiments, the power value P2 that1s read from
the storage device 186 and that 1s used to achieve the variable
function 1, and the variable function 1 are examples of a
processing condition.

When the RF signal 1s provided to the lower electrode of
the ESC 204 and the process gas 1s supplied to the plasma
chamber 202, plasma is stricken within the plasma chamber
202 to perform processing, e.g., etching, cleaning, deposit-
ing, etc., on the water 154. Also, when the RF signal having
the power value P1 1nstead of the power value P2 1s provided
to the lower electrode of the ESC 204, power provided to the
lower electrode 1s adjusted from the value P2 to the value P1
to achieve the variable function 1.

In some embodiments, the processor of the host system 128
determines the slope 2 from the relationship 1llustrated using
the dashed line 103 of the graph 102 (FIG. 1). The processor
of the host system 128 also determines the slope 1 from the
relationship illustrated using the solid line 101 (FIG. 1).
When the variable 1s voltage, the processor of the host system
128 calculates a ratio of slope 1 to slope 2 and multiplies the
power value P2 with the ratio of slope 1 to slope 2 to achieve
the power value P1 and to achieve the variable function 1.
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During subsequent processing of the watfer 154, instead of
controlling the x MHz RF generator to supply the power value
P2 to achieve the variable function 1, the processor of the host
system 128 controls the x MHz RF generator to supply the
power value P1 to achieve the variable function 1. Upon
receiving an indication from the processor of the host system
128 via the DSP 130 to generate an RF signal having the
power value P1, the DAS 132 generates an RF signal having,
the power value P1 and supplies the RF signal via the RF
cable 134, the matchbox 136, and the RF transmission line
140 to the lower electrode of the ESC 204.

In various embodiments in which the relationships illus-
trated 1n the graph 102 (FIG. 1) are relationships between the
function of the variable and delivered power, during subse-
quent processing ol the water 154, the processor of the host
system 128 determines a supply power value to achieve the
delivered power value of P1 and to achieve the variable func-
tion 1. The processor provides the supply power value to the
DAS 132 via the DSP 130. The DAS 132 generates an RF
signal having the supply power value corresponding to the
delivered power value P1 to achieve the varniable function 1.
The RF signal 1s supplied by the x MHz RF generator via the
RF cable 134, the matchbox 136, and the RF transmission line
140 to the lower electrode of the plasma chamber 202.

In some embodiments, mstead of using the probe 124
within the ESC 204, the probe 124 1s embedded within the RF
tunnel 144 and/or 1s coupled to the RF rod 152 to measure
variable at the RF rod 152. A computer-generated model of
the RF rod 152, the RF strap 148, and the ESC 204 1s used to
determine a vanable at the ESC 204. The variable at the ESC
204 1s determined based on the variable measured using the
probe 124 that 1s embedded within the RF tunnel 144 and
impedance of elements of the RF rod 152, the RF strap 148,
and the ESC 204. In several embodiments, instead of using a
computer-generated model of the ESC 204, the variable at the
ESC 204 1s determined based on a computer-generated model
of the RF rod 152 and the RF strap 148 and based on the
variable measured using the probe 124 that 1s embedded
within the RF tunnel 144.

In some embodiments, the probe 124 is coupled to a point
between the x MHz RF generator and the water 154 and a
computer-generated model of elements between the point and
the plasma chamber 204 1s used to determine a variable at the
ESC 204. For example, the probe 124 1s coupled to the RF
cable 134 to determine the variable at the RF cable 134.
Moreover, a computer-generated model of the matchbox 136,
the RF transmission line 140, and the ESC 204 is used to
determine the vaniable at the ESC 204. As another example,
the probe 124 1s coupled to the RF cable 134 to determine the
variable atthe RF cable 134. Moreover, a computer-generated
model of the matchbox 136 and the RF transmission line 140
1s used to determine the variable at the ESC 204.

It should be noted that in several embodiments, when the x
MHz RF generator of the system 200 1s used to supply power
to the plasma chamber 202 to determine the relationship
illustrated using the graph 102 or 104 (FIGS. 1 and 2), the y
and z MHz RF generators are turned off. Similarly, when the
y MHz RF generator of the system 200 1s used to supply
power to the plasma chamber 202 to determine the relation-
ship 1llustrated using the graph 102 or 104, the x and z MHz
RF generators are turned off. Also, when the z MHz RF
generator of the system 200 1s used to supply power to the
plasma chamber 202 to determine the relationship illustrated
using the graph 102 or 104, the x and y MHz RF generators
are turned off.

FIG. 6 1s a diagram of an embodiment of a graph 210 used
to 1llustrate a relationship between voltage and pressure dur-
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ing a no-plasma test. The graph 210 plots voltage along a
y-axis and plots pressure along an x-axis. When the pressure
1s below a threshold thl, a minimal amount of plasma 1is
generated within a plasma chamber. In some embodiments,
the pressure lower than the threshold thl 1s achieved by not
supplying the process gas or by supplying the process gas at
an ultra low flow rate, e.g., less than 0.2 standard cubic cen-
timeter per minute (sccm). Similarly, when the pressure 1s
above a threshold th2, plasma 1s not generated or a minimal
amount of plasma 1s generated within a plasma chamber. In
some embodiments, the pressure above the threshold th2 1s
achieved by supplying a gas at an ultra high pressure, e.g.,
greater than or equal to 7 Torr, at a maximum achievable flow
rate, etc. When plasma 1s not generated or a minimal amount
of plasma 1s generated within a plasma chamber, the plasma
chamber 1s used to perform the no-plasma test.

In some embodiments, the processor of the host system 128
controls a gas supply valve (not shown) that facilitates supply

of a gas from a gas reservoir (not shown) to the gas inlets of
the upper electrode 158 (FIGS. 3, 4A, and §). For example,
the processor controls a driver, e.g., a transistor, etc., that
supplies a current to open or close the valve by an amount to
control the supply of the gas. The control of the supply also
allows the processor of the host system 128 to control the
pressure within a plasma chamber 1n which the gas 1s sup-
plied.

FIG. 7 shows an embodiment of a recipe 212 for perform-
ing chamber-to-chamber matching. In some embodiments,
the recipe 212 1s part of a database that 1s stored within the
storage device 186 (FIG. 4B) of the host system 128 (FIGS. 3,
4A, and 5). For example, the recipe 212 may be stored 1n the
form of a file within the storage device 186.

The recipe 212 includes pressure of a gas in a plasma
chamber, power of an RF signal that 1s provided to a lower
clectrode of a plasma chamber, temperature maintained
within the plasma chamber, frequency of the RF signal, and
gap between the lower electrode and an upper electrode of the
plasma chamber.

In some embodiments, the processor of the host system 128
(FIGS. 3, 4A, and 5) sends a frequency of an RF signal to an
RF generator. A DSP of the RF generator receives the ire-
quency and sends the frequency to a DAS of the RF generator.
The DAS generates an RF signal having the frequency and
supplies the RF signal to a plasma chamber.

In various embodiments, the upper electrode 1s located
within an upper structure (not shown) that is may be raised up
or down using a motor-driven screw mechanism (not shown).
The processor of the host system 128 may control the motor-
driven screw mechanism via a driver to move the upper struc-
ture up or down to change the gap between the upper and
lower electrodes

In several embodiments, a heater 1s included within an ESC
and the heater 1s controlled by the processor of the host
system 128 via a driver to change temperature within a
plasma chamber.

In a number of embodiments, a heat transfer mechanism,
e.g., a duct, efc., 1s provided within a plasma chamber and a
flow of a cooling liquid 1s controlled by the processor of the
host system 128 via a valve and a driver to change tempera-
ture within the plasma chamber.

The recipe 212 1s applied by the processor of the host
system 128 to control pressure within a plasma chamber,
power ol an RF signal provided to a lower electrode of the
plasma chamber, temperature within the plasma chamber,
frequency of the RF signal, and gap between the lower elec-
trode and an upper electrode within the plasma chamber.




US 9,119,283 B2

21

In various embodiments, the power shown 1n the recipe 212
1s delivered power or supplied power.

As imdicated in the recipe 212, the same recipe 212 1s
applied to the chamber 1, the chamber 2, and a chamber 3 (not
shown). For example, the processor of the host system 128
controls pressure within the chambers 1, 2, and 3, power of
RF signals provided to the chambers 1, 2, and 3, temperature
within the chambers 1, 2, and 3, frequency of the RF signals,
and gaps between lower and upper electrodes of the chambers
1, 2, and 3 to apply the same recipe 212 to the chambers 1, 2,
and 3. As another example, the recipe 212 1s applied to gen-
crate the relationship 1llustrated 1n the solid line 101 and the
relationship 1llustrated in the dashed line 103 (FIG. 1).

In some embodiments, during application of the recipe 212
to the chamber 1, 2, or 3, pressure within the chamber, tem-
perature within the chamber, frequency of an RF signal pro-
vided to the chamber, and gap between a lower electrode and
an upper electrode of the chamber are maintained as constant,
and power of the RF signal 1s varied from 5 megawatts to 10
megawatts to 15 megawatts to 20 megawatts.

In some embodiments, an amount of pressure of the recipe
212 maintained within the chambers 1, 2, and 3 1s less than the
threshold thl or greater than the threshold th2.

It should be noted that the values of pressure, power, tem-
perature, frequency, and gap are examples and should not be
construed as limiting. For example, instead of 0.1 Torr pres-
sure, a pressure ranging from 0 to 0.2 Torr 1s applied. As
another example, instead of 5, 10, 15, and 20 megawatts,
power 1s varied from 2 megawatts to 6 megawatts to 10
megawatts to 14 megawatts. As yet another example, any
amount of power ranging from 1 to 50 megawatts 1s applied.
As another example, mstead of 28 MHz frequency, a ire-
quency of 27 MHz is applied. As yet another example, when
a 2 MHz RF generator 1s used, a frequency o 2 or 3 MHz may
be applied. As another example, when a 60 MHz RF generator
1s used, a frequency between 55 MHz to 65 MHz 1s applied.
As another example, instead of 2 centimeter, a gap between 1
and 3 centimeters 1s maintained.

FIG. 8 shows an embodiment of a recipe 212 for perform-
ing intra-chamber matching. As indicated in the recipe 212,
the same recipe 212 1s applied to the chamber 1 during the
condition 1, the condition 2, and a condition 3 of the chamber
1. For example, the processor of the host system 128 controls
pressure within the chamber 1 during the conditions 1 and 2,
power ol RF signals provided to the chamber 1 during the
conditions 1 and 2, temperature within the chamber 1 during
the conditions 1 and 2, frequency of the RF signals, and gaps
between lower and upper electrodes of the chamber 1 during,
the conditions 1 and 2 to apply the same recipe 212 to the
chamber 1 during the conditions 1, 2, and 3 of the chamber 1.
As another example, the recipe 212 1s applied to generate the
relationship 1llustrated 1n the solid line 105 and the relation-
ship 1llustrated 1n the dashed line 107 (FIG. 3).

In some embodiments, during application of the recipe 212
to the chamber 1 during the conditions 1, 2, and 3, pressure
within the chamber 1, temperature within the chamber 1,
frequency of an RF si1gnal provided to the chamber 1, and gap
between a lower electrode and an upper electrode of the
chamber 1 are maintained as constant, and power of the RF
signal 1s varied from 5 megawatts to 10 megawatts to 15
megawatts to 20 megawatts.

In various embodiments, the condition 3 occurs after
occurrence of the condition 2. In various embodiments, after
processing, e€.g., etching, depositing, cleaning, supply of a
gas, etc., on the waler 154 (FIGS. 3, 4A, and 5) 1s performed
within a plasma chamber during the condition 2, the plasma
chamber achieves the condition 3.
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FIG. 9A 1s a diagram of an embodiment of a graph 220 used
to 1llustrate a difference in relationships between three plasma
chambers. As shown in the graph 220, there are three lines
222, 224, and 226. Fach line 222, 224, and 226 shows a
relationship between a square of current measured at an ESC
of the plasma chamber and forward power, e.g., supplied
power. The line 222 illustrates a relationship for the plasma
chamber 1, the line 224 illustrates a relationship for the
plasma chamber 2, and the line 226 1llustrates a relationship
for a golden chamber, which may be the chamber 3. As noted,
slope of the line 222 1s different than slope of the line 224.
Also, slope of the line 224 1s different than slopes of the lines
222 and 226.

The golden chamber provides a higher yield than the cham-
bers 1 and 2. Relationships illustrated by the lines 222 and
224 are controlled to achieve the relationship illustrated by
the line 226.

FIG. 9B an embodiment of a graph 230 used to illustrate a
similarity 1n relationships between three plasma chambers
alter applying several embodiments described in the present
disclosure. As shown in the graph 230, there are three lines
232, 234, and 236. Fach line 232, 234, and 236 shows a
relationship between a square of current measured at an ESC
of the plasma chamber and forward power, e.g., supplied
power. The line 232 illustrates a relationship for the plasma
chamber 1, the line 234 illustrates a relationship for the
plasma chamber 2, and the line 236 1illustrates a relationship
for a golden chamber, which may be the chamber 3.

The line 236 1s the same as the line 226 (FIG. 9A) except
that the line 236 1s dashed.

As shown, slope of the lines 232, 234, and 236 1s the same
or substantially the same.

It 1s Turther noted that although the above-described opera-
tions are described with reference to a parallel plate plasma
chamber, e.g., a capacitively coupled plasma chamber, etc., 1n
some embodiments, the above-described operations apply to
other types of plasma chambers, e.g., a plasma chamber
including an ICP reactor, a TCP reactor, conductor tools,
dielectric tools, a plasma chamber including an ECR reactor,
etc. For example, the x MHz RF generator and the y MHz RF
generator are coupled to an inductor within the ICP plasma
chamber.

It 1s also noted that although the operations above are
described as being performed by the processor of the host
system 128 (FIGS. 3, 4A, and 5), 1n some embodiments, the
operations may be performed by one or more processors of
the host system 128 or by multiple processors of multiple host
systems.

It should be noted that although the above-described
embodiments relate to providing an RF signal to the lower
clectrode of an ESC, and grounding the upper electrode 158
(FIGS. 3, 4A, and 5), 1n several embodiments, the RF signal
1s provided to the upper electrode 158 while the lower elec-
trode 1s grounded.

It 1s also noted that although the above-described embodi-
ments are described using an ESC, another type of chuck,
¢.g., a magnetic chuck, etc., may be used.

It 1s Turther noted that in several embodiments, the opera-
tions described above as performed by the processor of the
host system 128 may be performed by the DSP 130 (FIGS. 3,
4A, and 5).

Embodiments described herein may be practiced with vari-
ous computer system configurations including hand-held
hardware units, microprocessor systems, miCroprocessor-
based or programmable consumer electronics, minicomput-
ers, mainirame computers and the like. The embodiments can
also be practiced 1in distributed computing environments
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where tasks are performed by remote processing hardware
units that are linked through a network.

With the above embodiments 1n mind, 1t should be under-
stood that the embodiments can employ various computer-
implemented operations mvolving data stored in computer
systems. These operations are those requiring physical
manipulation of physical quantities. Any of the operations
described herein that form part of the embodiments are useful
machine operations. The embodiments also relates to a hard-
ware unit or an apparatus for performing these operations.
The apparatus may be specially constructed for a special
purpose computer. When defined as a special purpose com-
puter, the computer can also perform other processing, pro-
gram execution or routines that are not part of the special
purpose, while still being capable of operating for the special
purpose. In some embodiments, the operations may be pro-
cessed by a general purpose computer selectively activated or
configured by one or more computer programs stored in the
computer memory, cache, or obtained over a network. When
data 1s obtained over a network, the data may be processed by
other computers on the network, e.g., a cloud of computing
resources.

One or more embodiments can also be fabricated as com-
puter-readable code on a non-transitory computer-readable
medium. The non-transitory computer-readable medium 1s
any data storage hardware unit that can store data, which can
be thereafter be read by a computer system. Examples of the
non-transitory computer-readable medium include hard
drives, network attached storage (NAS), ROM, RAM, com-
pact disc-ROMs (CD-ROMs), CD-recordables (CD-Rs), CD-
rewritables (CD-RWs), magnetic tapes and other optical and
non-optical data storage hardware units. The non-transitory
computer-readable medium can include computer-readable
tangible medium distributed over a network-coupled com-
puter system so that the computer-readable code 1s stored and
executed 1n a distributed fashion.

Although the method operations above were described 1n a
specific order, 1t should be understood that other housekeep-
ing operations may be performed 1n between operations, or
operations may be adjusted so that they occur at slightly
different times, or may be distributed in a system which
allows the occurrence of the processing operations at various
intervals associated with the processing, as long as the pro-
cessing ol the overlay operations are performed 1n the desired
way.

One or more features from any embodiment may be com-
bined with one or more features of any other embodiment
without departing from the scope described in various
embodiments described 1n the present disclosure.

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, 1t will
be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accord-
ingly, the present embodiments are to be considered as 1llus-
trative and not restrictive, and the embodiments are not to be
limited to the details given herein, but may be modified within
the scope and equivalents of the appended claims.

The mvention claimed 1s:

1. A method for performing chamber-to-chamber match-
ing, the method comprising:

executing a {irst test within a first plasma chamber to mea-

sure a variable, wherein the first test 1s executed under a
condition that places the first plasma chamber 1n a no
plasma zone;

executing a second test within a second plasma chamber to

measure the variable, wherein the first and second tests
are executed based on one recipe, wherein the second
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test 1s executed under a condition that places the second
plasma chamber 1n the no plasma zone;

determining a {irst relationship between the variable mea-

sured with the first test and power provided during the
first test;

determining a second relationship between the variable

measured with the second test and power provided dur-
ing the second test; and

identifying power adjustment to apply to the second

plasma chamber during a subsequent processing opera-
tion based on the first and second relationships, the
power adjustment causing the second plasma chamber
to perform the processing operation 1n a processing con-
dition determined using the first plasma chamber,
wherein during the processing operation, plasma 1is
stricken within the second plasma chamber.

2. The method of claim 1, wherein the variable 1s current or
voltage.

3. The method of claim 1, wherein the variable 1s measured
during the first test using a probe coupled to a chuck, the
chuck located within the first plasma chamber.

4. The method of claim 1, wherein the variable 1s measured
during the second test using a probe coupled to a chuck, the
chuck located within the second plasma chamber.

5. The method of claim 1, wherein the variable 1s measured
during the first test using a probe, the probe coupled to a point
between a radio frequency (RF) generator and a water, the RF
generator coupled via an RF cable to an impedance matching
circuit, the impedance matching circuit coupled via an RF
transmission line to the first plasma chamber, the wafer
placed on a surface of the chuck.

6. The method of claim 1, wherein the recipe includes a
pressure within the first plasma chamber, a temperature
within the first plasma chamber, power of an RF signal pro-
vided to the first plasma chamber, frequency of the RF signal,
and gap between an upper electrode of the first plasma cham-
ber and a lower electrode of the first plasma chamber.

7. The method of claim 1, wherein the recipe includes a
pressure within the second plasma chamber, a temperature
within the second plasma chamber, power of an RF signal
provided to the second plasma chamber, frequency of the RF
signal, and gap between an upper electrode of the second
plasma chamber and a lower electrode of the second plasma
chamber.

8. The method of claim 1, wherein the first relationship 1s a
straight line.

9. The method of claim 1, wherein the second relationship
1s a straight line.

10. The method of claim 1, wherein the power adjustment
1s a difference between the power provided during the first test
and the power provided during the second test.

11. The method of claim 1, wherein the subsequent pro-
cessing operation includes etching, deposition, or cleaning of
a water placed within the second plasma chamber.

12. The method of claim 1, wherein the processing condi-
tion 1includes a value of a function of the variable, the value
achieved during the first test when an amount of the power 1s
provided to the first plasma chamber during the first test.

13. The method of claim 1, wherein the first plasma cham-
ber has a higher vield than the second plasma chamber.

14. The method of claim 1, wherein the condition that
places the first plasma chamber in the no plasma zone
includes an amount of pressure within the first plasma cham-
ber to avoid striking plasma within the first plasma chamber,
and wherein the condition that places the second plasma
chamber 1n the no plasma zone includes an amount of pres-
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sure within the second plasma chamber to avoid striking
plasma within the second plasma chamber.

15. A method for performing intra-chamber matching, the
method comprising:

executing a first test to measure a variable associated with
a plasma chamber, the plasma chamber 1s 1n a first con-
dition during execution of the first test, wherein during
execution of the first test, the plasma chamber 1s oper-
ated to be 1n a no plasma zone;

executing a second test to measure the variable associated
with the plasma chamber, the plasma chamber 1s 1n a
second condition during execution of the second test,
wherein during execution of the second test, the plasma
chamber 1s operated to be 1n the no plasma zone;

determining a first relationship between the variable mea-
sured using the first test and power provided during the
first test;

determining a second relationship between the variable
measured using the second test and power provided dur-
ing the second test; and

identifying power adjustment to apply to the plasma cham-
ber during a subsequent processing operation based on
the first and second relationships, the power adjustment
causing the plasma chamber to perform the processing
operation 1n a processing condition, the processing con-
dition determined when the plasma chamber 1s in the
first condition, wherein during the processing operation,
plasma 1s stricken within the plasma chamber.

16. The method of claim 15, wherein the second condition

occurs 1n time after occurrence of the first condition.
17. The method of claim 15, wherein the second condition
occurs after performing processing on a water placed within
the plasma chamber, the first condition occurring before per-
forming the processing.
18. A plasma system for performing chamber-to-chamber
matching, the plasma system comprising:
a first plasma chamber used to execute a first test to mea-
sure a variable, wherein the first plasma chamber 1s
configured to operate 1n a no plasma zone during execu-
tion of the first test;
aradio frequency (RF) transmission line coupled to the first
plasma chamber for communicating an RF signal to the
first plasma chamber;
an impedance matching circuit coupled to the RF transmis-
sion line;
an RF generator coupled to the impedance matching circuit
for supplying an RF signal to the impedance matching
circuit;
a second plasma chamber used to execute a second test to
measure the variable, wherein the first and second tests
are executed based on one recipe, wherein the second
test 1s executed after decoupling the first plasma cham-
ber from the RF transmission line and coupling the sec-
ond plasma chamber to the RF transmission line,
wherein the second plasma chamber 1s configured to
operate 1n the no plasma zone during execution of the
second test; and
a host system including a processor, the host system
coupled to the RF generator, the processor configured to:
determine a first relationship between the variable mea-
sured with the first test and power provided during the
first test;

determine a second relationship between the variable
measured with the second test and power provided
during the second test; and
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identily power adjustment to apply to the second plasma
chamber during a subsequent processing operation
based on the first and second relationships, the power
adjustment causing the second plasma chamber to
perform the processing operation in a processing con-
dition determined using the first plasma chamber.
19. A plasma system for performing intra-chamber match-
ing, the plasma system comprising:
a plasma chamber used to execute a first test to measure a
variable, the plasma chamber 1s 1n a first condition dur-
ing execution of the first test, wherein the plasma cham-
ber 1s configured to operate 1n a no plasma zone during
execution of the first test,
the plasma chamber used to execute a second test to mea-
sure the variable, the plasma chamber 1s 1n a second
condition during execution of the second test, wherein
the plasma chamber 1s configured to operate 1n the no
plasma zone during execution of the second test;
a radio frequency (RF) transmission line coupled to the
plasma chamber for communicating an RF signal to the
plasma chamber;
an impedance matching circuit coupled to the RF transmis-
sion line;
an RF generator coupled to the impedance matching circuit
for supplying an RF signal to the impedance matching
circuit; and
a host system including a processor, the host system
coupled to the RF generator, the processor configured to:
determine a first relationship between the variable mea-
sured using the first test and power provided during
the first test;

determine a second relationship between the variable
measured using the second test and power provided
during the second test; and

identily power adjustment to apply to the plasma cham-
ber during a subsequent processing operation based
on the first and second relationships, the power adjust-
ment causing the plasma chamber to perform the pro-
cessing operation 1n a processing condition, the pro-
cessing condition determined when the plasma
chamber 1s 1n the first condition.

20. The plasma system of claim 18, wherein the first
plasma chamber includes a first chuck, wherein the variable 1s
measured during the first test using a probe coupled to the first
chuck, wherein the second plasma chamber includes a second
chuck, wherein the variable 1s measured during the second
test using a probe coupled to the second chuck.

21. The plasma system of claim 18, wherein the first
plasma chamber includes a chuck, wherein the varnable 1s
measured during the first test using a probe, the probe coupled
to a point between the RF generator and a wafer placed on a
surface of the chuck.

22. The plasma system of claim 18, wherein the first
plasma chamber has a higher yield than the second plasma
chamber.

23. The plasma system of claim 19, wherein the plasma
chamber 1includes a chuck, wherein the variable 1s measured
during each of the first and second tests using a probe coupled
to the chuck.

24. The plasma system of claim 19, wherein the plasma
chamber includes a chuck, wherein the variable 1s measured
during each of the first and second tests using a probe, the
probe coupled to a point between the RF generator and a
waler placed on a surface of the chuck.
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